Peat bogs are highly endangered and very sensitive habitats in Central Europe. Their high water table, acidity and characteristic climate determine their specialized flora and fauna with numerous rare species. Peat bogs are threatened by soil erosion and nutrient infiltration due to forestry management or grazing. Several small, natural peat bogs exist in the Carpathians, mainly covered with birch and pine forests. Here we assessed the effect of geological location, peat bog size and tree species on the spider fauna. We collected spiders with pitfall traps in eight peat bogs in Eastern Transylvania. We identified several species of high nature conservation value, regarded to be rare in the Central-European fauna. We found higher species richness, abundance and diversity in birch forests than in pine forests. The open canopy of birch forests may allow open habitat specialists to occur in high densities in these forests. Species composition was affected by geological location, indicating that the regional fauna of peat bogs in different mountain ranges are isolated. However, we found no significant effect of habitat area on spider assemblages, the valuable tyrphophilic spider fauna was present even in the smallest peat bog. Peat bog spider fauna requires specific habitat conditions, we suggest that preserving hydrological properties and water quality even in the smallest bogs would conserve the specialized fauna.
Introduction
Wetland ecosystems provide both unique biodiversity and substantial ecosystem services, however they are globally decreasing in their condition and diversity through habitat loss, climate change and pollution (Keddy 2010) . Peat bogs in particular, represent highly threatened wetland ecosystems (Spitzer and Danks 2006) . Peat bogs are nutrient-poor (oligotrophic) habitats dominated by sphagnum moss, characterized by a high water table and low pH (Spitzer and Danks 2006; Battes et al. 2014) . In bogs the slowly and incompletely decaying plant material builds up as peat. This naturally accumulated peat layer has an important role in carbon stocking worldwide (Urák et al. 2017) . Peat bogs have postglacial origin. They were once typical landscape elements in Central Europe, but today, especially as a result of human influences (forest management activities, peat extraction, climate warming, secondary succession), the degradation of these habitats became pronounced (Doyle 1990; Buchholz 2016; Urák et al. 2017) . As a consequence, nowadays peat bogs are highly endangered and very sensitive habitats in Central Europe (Charman 2002; Riecken et al. 2006) . Their characteristic climate, hydrology, food scarcity and high acidity are limiting factors which determine their unique, specialized flora and fauna with rare and threatened species. For these reasons peat bogs are listed in Annex I of the European Habitats Directive as a priority habitat type (Scott et al. 2006; Haase and Balkenhol 2014) .
Peat bogs can be viewed as habitat islands, then studying their biota can show how these isolated habitat patches contribute to regional biodiversity, and how their size and geographical distribution affects their nature conservation value. Peat bogs are foremost islands of a very specific habitat and as such harbor a specialist arthropod fauna (Spitzer and Danks 2006) . Species richness and composition of individual patches may depend on local factors, such as the size of the habitat patch and idiosyncratic differences in local vegetation, but also on the regional species pool. Large habitat patches may not support more arthropod species than small patches due to a higher frequency of generalist species in smaller fragments (Gibb and Hochuli 2002) . However, species composition may differ significantly, with the total number of specialist species being generally higher in larger patches (Bonte et al. 2002) .
Studying island biogeography of bogs is best done in regions where these habitat types occur in abundance and there is a considerable size variation among them. The spider fauna of Northern and Western European peat bogs is relatively well known (e.g. Kupryjanowicz et al. 1997; Koponen 2002; Relys et al. 2002; Buchholz 2016) . Their fauna consist of cold-adapted species with preferences for wet habitat, several species were identified as tyrphobiontic (occur exclusively in bogs) or tyrphophilic species (characteristic bog species but not restricted to them, Spitzer and Danks 2006) . Scott et al. (2006) suggested that the spider indicator species are a surrogate taxon for the conservation value of the peat bog invertebrate fauna. We have much less information on Central and Southern European peat bog spider faunas, but see Kurka (1990) for the Czech Republic, Stambuk and Erben (2002) for Croatia, Samu and Urák (2014) , and references therein for Romania. By studying Transylvanian peat bogs we can collect crucial missing information and also answer ecological questions related to their isolated nature.
Peat bogs in Eastern Transylvania are located in the Carpathians between 400 and 1200 a.s.l. (Pop 1960) . There are more than 25 peat bogs in the region scattered along several mountain ranges, ranging between 1 and 120 ha in size (Samu and Urák 2014) . The dominant forest vegetation types of the bogs are scots pine and birch forests, with different habitat structure and presumably different invertebrate fauna (Eggleton et al. 2005) .
The majority of the remaining peat bogs are small and degraded by soil erosion and nutrient infiltration due to intensive forestry management or grazing. Furthermore, the remaining peat bogs are situated in different mountain ranges (e.g. Mts. Nemira, Mts. Harghita). The lowlands between the mountains may constitute a geographical barrier resulting in disjunct distribution of mountain species (Mráz et al. 2007) . The remaining few natural peat bogs are strictly protected and/or situated in remote areas where forest management is not feasible.
In the present study we focused on eight forested bogs in the Nemira and Harghita mountain ranges (Eastern Transylvania, Romania). The main questions of our study were: (1) are forested peat bog spider assemblages basically the same in the whole studied region or do the two different mountain ranges harbor distinct spider assemblages? (2) Do the spider assemblages of large bogs differ from that of the small bogs? (3) Do forest tree species has an effect on the spider fauna?
Materials and methods

Study sites and spider sampling
Our study was conducted in eight peat bogs in Eastern Transylvania, Romania, all are situated in remote areas and majority of the sampled bogs are hardly accessible. All sampling sites were situated in forest-bogs. Eastern Carpathian peat bogs consist of two main forest habitat types (1) We applied pitfall traps consisting of plastic cups (250 ml) with approximately 120 ml of 50% ethylene-glycol solution and some drops of detergent. Fifteen traps were arranged in each site in a 3 × 5 grid, keeping 10 m distance from each other. The traps were open between mid-June to mid-July in 2013. Arthropods were sorted and conserved in 70% ethanol-solution. Spiders were identified under stereoscopic microscope, using standard keys (Nentwig et al. 2017) . The nomenclature follows the World Spider Catalog (Platnick 2018) . The juvenile individuals were identified up to family level but were not considered for statistical analyses.
Data analysis
Data of the pitfall traps in each sampling site were pooled prior to the analyses. Using species richness and abundance as response variables, respectively, we tested the effect of forest type, peat bog size and mountain range with mixedeffect general linear models (GLMM) with a Poisson error term, and with a negative binomial error term if we detected overdispersion in the data (lme4 package: version 1.1.12, glmer and glmer.nb functions, respectively). To incorporate possible effect of pitfall trap loss, the number of intact traps was used as random effect. If we found significant effect of forest type, we tested whether spider species diversity differed significantly among the two forest habitat types with constructing individual-based rarefaction curves and their respective 95% lower and upper confidence limits (iNEXT package, Hsieh et al. 2016) .
Spider-abundance data were Hellinger transformed prior to multivariate analysis (Legendre and Gallagher 2001) . We used non-metric multidimensional scaling (NMDS, VEGAN package, Oksanen et al. 2015) to visualize the ordination structure of the samples based on the community composition. The ordination was based on the Bray-Curtis dissimilarity matrix with a maximum number of 100 random starts. To test whether habitat, size and mountain range had a significant effect on species composition, a permutational multivariate analysis of variance (ADONIS) was conducted using Bray-Curtis distance matrix and 5000 Monte-Carlo randomizations.
If we found significant effect habitat types and mountain ranges on species composition, we used indicator species analysis to identify species that have a high affinity for the different habitat types and mountain ranges, respectively (labdsv package, Roberts 2015) . The number of significant species was low, thus we chose to set the probability to p < 0.05. The statistical calculations were performed using the software R (version 3.3.2) (R Core Team 2016).
Results
Patterns in species abundance and richness
During the sampling period, the total number of adult ground-dwelling spiders trapped in birch forest was 716 belonging to 71 species and we collected 501 spiders of 47 species in pine forests (Online Resource 3 of Supplementary Material).
Forest type strongly affected both species richness and abundance of spiders, however peat bog size and mountain range had no significant effect (Table 1) . Rarefaction curves showed non-overlapping confidence intervals and revealed that birch forests had higher diversity than pine forests (Fig. 2) . However, the steep rarefaction curves suggested that the collections were incomplete and additional sampling would yield new species.
Spider assemblage composition
All dominant species were wolf spiders (Lycosidae, Araneae). From this family we collected more than 100 individuals of Trochosa spinipalpis (F. O. P.-Cambridge, 1895), Piratula hygrophila (Thorell, 1872), Pirata uliginosus (Thorell, 1856) and Pardosa sphagnicola (Dahl, 1908) . We collected several species (from various families) of high nature conservation value, regarded to be rare in the (Miller and Svaton, 1978) was new to the Romanian spider fauna. The species composition of the peat bogs situated in separate mountain ranges differed significantly (ADONIS, F = 2.445, p < 0.020). However, we did not detect the effect of peat bog size (ADONIS, F = 0.576, N.S.), and we did not find any significant difference between birch and pine forest spider assemblages (ADONIS, F = 0.543, N.S.). High overlap between the spiders assemblages of pine and birch forests was also revealed by the non-metric multidimensional scaling (Fig. 3, 
Discussion
In the present study, we analyzed the spider assemblages of East-Carpathian peat bogs. Although based on only eight bogs and ten sampling sites, our results clearly showed that East-Carpathian peat bogs have a special spider fauna with numerous rare species. The dominant spider species of peat bogs were either tyrphobiontic or tyrphophilic species with preference for humid peat bog habitats (Buchar and Ruzicka 2002; Buchholz 2016) . Several further species were exclusively found in peat bogs in Romania (Gallé and Urák 2001 Urák and Samu 2008 ) also underpinning the conservational value of spider fauna of peat bogs. Regionality played an important role in shaping spider assemblages, as the two studied mountain ranges had significantly different assemblages. Spider fauna of small bogs was similar to that of the large bogs.
Peat bogs are cool habitats relative to the surrounding terrain. Temperature within a bog can be several degrees lower than temperatures outside the bog (Spitzer and Danks 2006) . We collected several subalpine, cold-adapted species e.g. Micrargus georgescuae Millidge, 1976 , Robertus truncorum (L. Koch, 1872 . The cool peat bogs may serve as refugium habitats for such species in low mountain ranges. Cold-adapted taxa with restricted ranges are also vulnerable to climate change (Ohlemüller et al. 2008) . These species will presumably undergo range shifts towards higher altitudes in Central Europe, and are likely to disappear from lower mountain ranges at the present rate of global warming (Theurillat and Guisan 2001; Bátori et al. 2017 ). Thus peat bogs may constitute important micro-refugia for coldadapted species as they maintain a cooler microclimate.
Species richness and diversity was higher in birch forest bogs than in pine bogs. There is a strong relationship between the assemblage composition of spiders and environmental gradients. For Central-European spiders, shading and moisture are prominent environmental filters in shaping the distributional pattern of different species (Entling et al. 2007). Canopy closure has a significant influence on the microclimatic conditions, such as temperature and moisture of the forest floor (Lindh and Muir 2004) , thereby influencing spider species distribution (Entling et al. 2007; Ziesche and Roth 2008) . We argue that birch forest species richness is higher, because birch trees have more open canopy than pine forests, and therefore create a micro-climatically patchier environment. The open patches allow open habitat specialists to occur in high densities in these forests, while species with basic preference for humid soil additionally also prefer higher surface temperature with higher insolation, resulting in an overall higher species richness of these sites. Litter type and quality may also contribute to the explanation of spider species distribution, which is correlated with the evergreen or deciduous character of the forest (Ziesche and Roth 2008) . The structural complexity of litter provides web attachment points for web-building spider species (Uetz 1979) . Furthermore, physical and chemical properties of litter quality affect potential prey items of spiders, such as collembola (Bolger et al. 2013; Kováč et al. 2005) .
Contrary to the classical theory of island biogeography we found no significant effect of habitat area on spider assemblages. The lack of this relationship indicates that the tyrphophilic spider fauna was present even in the smallest peat bog. Several former studies of the spider fauna of natural habitat patches found that habitat size and spider fauna are often unrelated (Bonte et al. 2002; Pajunen et al. 1995; Horváth et al. 2009 ). The low pH and wet conditions of peat bogs represent environmental filters, which may preclude the colonization of generalist species, resulting in a similar spider fauna of small and large peat bogs.
Our results showed a segregation of spider assemblages at different mountain ranges. Many species proved to be nonrandomly distributed, indicating that the regional fauna of peat bogs in different mountain ranges are isolated. Several former studies also have shown that different mountain ranges within the Carpathian arc may have isolated fauna (Pauls et al. 2006; Dénes et al. 2016) . Furthermore, Bálint et al. (2011) identified numerous endemic arthropod species with distribution ranges restricted to a single mountain range. Thus, the disjunct habitats of isolated mountain ranges played a major role in promoting biodiversity of the Carpathian arc (Bálint et al. 2011) .
Implications for conservation
Cold-adapted and peat bog specialist species are endangered by the human induced loss of suitable habitat, as a result of land use intensification (Malcolm et al. 2006; Dirnböck et al. 2011) . Forest management intensity is related to changes in the share of privately owned land in Central-Europe (Munteanu et al. 2016) . In Romania, the proportion of private land has increased since 1990 and the lack of management plans for the majority of private forests resulted in high harvesting rates in the Eastern-Carpathian forests (Munteanu et al. 2016) . This resulted in direct loss of bog forests and indirect deterioration of peat bog habitats due to eutrophication if the forest belt around the bogs was harvested. Luckily, the remaining nearly pristine patches offer the opportunity to identify the original invertebrate fauna. The occurrence of tyrphophilous spider species highlights the high conservation value of these oligotrophic wet habitat patches, while specific faunas by mountain regions indicate that peat bogs should be equally preserved in every region because of their unique values. Specialist spider species were abundant in both birch and pine forests emphasizing that both forest types are important for biodiversity conservation. Peat bog spider fauna requires specific habitat conditions, thus deterioration of peat bog habitats would mean losing the specialized fauna (Buchholz 2016) . We suggest that preserving hydrological properties and water quality even in the smallest bogs would conserve the specialized fauna. This could be enhanced by creating unmanaged pine forest buffer areas around the remaining peat bogs.
